MD Robetics Critical [tems List SRM:;
a4ds 4 RPORT RD
CIL Refi: 3700
BRAMPTON {IMNTARI LES4)3 Hevision: 3 FMEA Rav: |
Sysdcm: SEMS
Subsystem: MECHANICAL ARM SUBP-SYSTEM
Assemibly Desc: END EFFCCTOR
Part Numbar(s]: 5114081 470-1 51 140E1470-3
Narne Part Nyurmber|s} Qty  Ghest M, _ - Sghematic Na. _
Itevn; CAPTURLES SHARE MECHAN|SM HT40E1 4771 1
' S1140E1477-3
Function: CAFPTURE' SHARE MECHANISM ORIVES SNARE RING TO CAPTURE O RELEASE A PAYLOAD.
Fallure Mede: CAPTURE/SMNARE DRIVE TRAIN FAILS FREE.
HW Func. Screen Fallures
Criticality: |
Mizsion Phaze: Crhd . -
Causa(s): CARFTURE! EMARE MECHANIZM {1) FAILURE OF BACKLUP CLUTCH N DISENGASED FOEITHON.

{2) GEAR OR SHAFT FAILVRE.
{3) GEAR FASTENER FAILURL.

Faiura effect on
unitfend tem:

Warst Caze:

Redundant Pathzs:

LGSE QF ABILITY TQ CAFTURE A PAYLDAD. IF A PAYLOAD IS CAPTURED ITWILL BL AEIFASED. ARM WILL RLMAIM LIMF IN
AUTO CAPTUIRF SEQAUIHGE,

UNCOMMANDED RELEASE. CREW ACTION RECQUIRED,

i

Retention Rationale

Du=zign:

THE EN2 EFFECTUH BACK.UP RELEAEE CLUTCH IS A MAJIDH BOUSHT-OUT-PART WHIGH I3 SUPPLUES BY SFERRY
EIRPOAATION, AEROEFACE AND MARINE GROUP AND MEETS OR EXCFECE THE KEOLIREMENTS OF SPECIFICATION SPAR-
@53 [T SHOULD 8E MOTEDR THAT THIS IS 4 DOE-TOOTE CLLTCH
THE CLUTCH SHAF T AND ARMATURE ARE CONN EGTED BY A SPLINE WHICH SROYIDES ROTATION TO THE ARMATLRE AMD
ALLOWE AXIAL SLIOING FOR ENCAZEMENT A0 SI2ENCACEMENT. THE FOLLOWIMNG |13 A LIST (3 CHARACTERISTICS TO
LIMIT THE FOSEIBILITY OF THE CLUTCH HANGING=LIF DUE TO MECHARICAL BINDIMG OF [HE SPLIME;
THE SPLINCS ARE MATCH-MACHINED FOR A PRECISE AMD EMOOTH FIT.
SERIALIZATION OF THE MATCHED PARTS ASSURES PROFPER ASSEMELY
THE MA | CHED SHAFT AMD ARMATURE ASSEMEALY |5 INSPECTED FOR PROPER CLEARANCE AMD EMOOTHKESR DE
OPERATION, ’
THE UNIT I3 TESTED A& MIMIMUI OF SEVEN TIMES DURING ACCEPTANCE TESTING FOR FPOTENTIAL BINDING. THE TES™
COMSISTS OF APPLYING FULL RATED LOAD TORAUE WITH THE UNI EMGAGED A VOLTACGE IS THEW APBLUED TO
CHAEMNSAGE THE UMIT, THE TIME FRGQM APPLICATION OF VOLTAGE UNTIL FULL MISENGAGEMENT 15 MEASURELD. ARY
BINDING OF THE ARMATURE WioULD EITHER PREVENT DISENSAGEMEN | OR CAUSE AH EXCESSIVE TIME DE 4.
THE SPLINES ARE LUBRICATELD WITH MO YA DENUM (4 SULFIDE,
THE UMIT LOAD LEVELS ON THE SPLINE ARE LOw
IT SHOULD BE MO1ED THAT THESE UNITS DO MOT UT'LIZE REDWUNDANT SFLINES.
THE BEARINGS 4RE WL T LUBRICATRO WITH BRAYCOTE 3L-38RF
MATERIALS SELE) DN AND USAGE SONFORMS 10O SPAR-8G.368 WHICH IS EQNVALEMT T THE MASA MATERIAI B SASE
REQUIREMENTS.
ALL SRME CEARS ARE DESIGNATED 1IN ACCURDANCE WITH AGMA STAN DARDSE TU CIVE A MAIMEAUM OF | NFINITE | FC.TEE
NEFINITION OF INFIMITE LIFE 2 THE SOMNDITION WHERE 107 MESHCYULLS OR MORE A7 THL 8PPLIED LEIALD WILL NOT
RESLULTIN TUIH FAILLRE.
WNIT L OADS WERE CALZJLATED 10 DFTCRMIME THE SIRENGTH OF THE GLARS N SHARE AND RIGIDNIZE GEAK TRAINE T-E
LMIT LOAD IW THIS CONTEXT, 15 A STHESS INDICATOR AM0 |5 SIVEN BY THE FOLLSWANS FOEMULS.

MNIT - = {TANGENTIAL GEAR LOAD) {DIAMETRAL PITCH}  LOAD (FAGE W H)
AVALUF Q15300 POINDS PER IM., FER INCH (FOR SETATIC CONDITIGNS) WaAS A DTSIGN GOAL I'OR GEARZ |N THE EML:
EFFECTOR ITISNOT & STRESS AND MUST MOT BE CONS | RUED AS A LIMIT.MG ORI TIMATE WALUE
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Test:

Inspecticn:

MHE STRUCTURAL AMALYSIS CONDUCTED QN THE ENL EFFECTOR, PER SPAR TM. 1535, CONFIRMED A POSITIVE MARSIN O
SAFETY FOR ALL END CFFECTUR PARTS ANDGEARS, | HE MARGIN DF SAFETY FCOR ULTIMATE STREMGTH MUT S}
INCORPORATES A FACTOR OF SAFETY OF 1 4 AGAINST UMIT LOAD, AS SPECIFIED IM SMAR.5SG, 393

A NESATIVE MARGIN DOES NCT NECESSARILY IMPLY BREAKAGE OF THE PART, RATHEH I INOICATES THAT A LIMITING
ATRESS T FWFI ERTABLISHED BY THE FACTOR OF SAFETY, HAS BEEM EXCEELE.

THE MARGIM OF SAFETY FOR YIELD STRENGTH S{YIELD] EMPLOYS A FACTOR OF SAFETY OF 1.0 AGAINST LIM|T LOAD, &5
HPECIFIED [N SPAR-B0.332 TABLE 14 LISTS MARGING OF SAFETY FOR SRMS STRUCTURAL COMPOMNENTS.

A4 FATIGUE AMALY 515 WHICH SHOWS INDIFINITE LIFE HAS BEEN PERFORMED 9N THE GEARS AND MEGHAMICA| FARTENER
AHD A FRACTURE ANALYSIS WHICH SHOWS LIVES GREATER THAN 424 MISSIGNS HAS BEEN DEMOMSTRATED ON
STRUCTLIRAL COMPONENTE WITHIM THE EMD EFFECTOR.

A MARGIN OF SAFETY IN EXCESS OF 2.0 HIRS BEEN DETERMINED FOR THE FASTENER CONNECTION BETWEEN THE
QUADRANT GLAR AND THE RUTATING RING. FOR THIE CONNECTICN To FAIL A LOAD 2.4 |IMES GWHEAT HER, THAN THE
NORMAL OFERATIMG LOAD MUST BE ARPFLIED. THIS SITUATION |5 HIGHLY UNLIKELY.

AGGEPTANCGE TESTS - THE EE ASSEMBLY |5 TESTED TO THE FOLLOWING ACCEPTAMCE ENVIRONMMENTS: VIARATION:
LEVEE AMD DURATION - REFEREMCE TABLE 7 THERMAL VACUUN: +70 DEGREES & TO -25 DECGREES ¢ {112

CYCLES) ix10*6 TORR -

THE EE ASSEMBLY I3 FURTHER TESTELD IN THE IN THE RMS SYSTEM TEST {TPS14 RMS STHRONGBACK ANDF TPS32 FLAI
FLOOR TESTS) WEICH VERIFIES THE ABSENMCE OF THE FAILURE MO DE,

CQUALIFICATICMN TESTS - THE EE ASSEMELY QUALIFICATION TESTING GONSISTED OF THE | OLLOWING ENVIROMMEN 15
VIARATION: LEVEL AND DURATION - REFERENCE TABLE 7 SHOCK: 20GH 1 I3 - 3 AXES (6 DIRECTIONS) THERMAL WASULM;
-8t CEGREES © 10 -36 DEGREES O CVCLES) 1 X 10*-6 TORR  HUMIOITY: B5% RH (65 DEGREES C MAINTAINED FOR &

HR S} (85 DEEREES C TO 30 DEGREES £ IN 16 HRS) 10 CYOLES 240 HRE. EMS: MIL-STD-451A A5 MCOIFIED BY S E-00K
{TEST CEM, CEQ2, C501, o503, =3, RED2 (NB)). STRUCTURAL 3TIFFNESS &aND LOAD TEST

FUGHT CHECKOUT PDRE QFS CHEGKLIET (ALL VEHICLESY JAC 18587

UNITE ARE MAJDR BOUSHT OUT PARTS, MANUFACTURED, ASSEMEBLED AND TESTLED TO SPAR DRAWINGS AND
SPECIFIZATIONS UNDER DOCUMENTED QUALITY CONTROLS THESE CONTROLS ARE FXERCISEDR TPROUGEOUT DESIGY
EROCUREMENT, PLAMHING, PROCESZING, FABRICATION, ARSEMELY CUALIFICATON AND ACCEPTANGE TESTIMG,
MANDATORY INSPECTIUN POINTS ARE EMPLOYED AS APFROPRIATE AT VARIOUS LEVELS OF AEEEMOLY AMD TEST.
SPARIGOVERNMENT SUURCE INEPECTION |8 INWOKED ON THL SUPFIER,

WIRE 15 PROCURED TO SPECIFICATION MIL-W-22758 OR MIL-W.-81381 AND INSPECTED AND TESTED TO WAL JSCMEDED
STANDARD MUMEER 254,

RECEIVIMG INSPECTION VERIFIES THAT THE HARDWARE RECEIVED 1S AZ IDENTIFIED N THE PROCUREMENT BOZJMENTS,
THAT NG ZAMAGE A5 SCCURRED CURING SHIPMENT, AND THAT APPROFPRIAYE BATA HAS BEEM RECEIVED WHIC
FROWIOES AOEQUATE TRACEARILITY INFORMATION ANG IDENTIFIES ACCEPTAELE PARTS

UNITS ARE INSPECTED TO THE APPLICABLE 5PAR INSPECTION TEST PROCURE (TPL PRICH I'D MM INTESRATIOGN
INEFECTIONS INGLUDE CLEANLINESS IISING LY, GENERAL WORKMAMSHIP, DIMEMEIOMAL, BMLINE FOR DRY LISRICA IO
CORRECT INSTALLATION OF BEARING, WIRE LEADS FOR OAMAGE, IDENTIFICATION &ND FUNCTIONA . TEST T WeRIEY
BRAKE SUF TORQUE, 3TICTICH, DROPOUT VOLTAGE, PULLIN YOLTAGE ETC.

HARTES ARE INSPECTED THROWGHCOUT MANUFACSTURE AND ASSEMELY 45 AFPROPRIATE TO THE MaARMUFACTLURING STACE
COMPLETED THESE INSEECTIONS INCLUDE:

UCAMINGS RECFIVE DIMENSIQNAL IMSPELTION AT THE SUPPLIER AND VERIFICATION BY SPAR HECENING INSPECTION, PRE
ASBEMBLY INSPLCTION VERIFIES CIRCULARITY OF BALL TRACKS AND INNERIOUTER RACE DIAVETERS. AFTER A33EMBLY
FRIOR T3 LUBRICATION, RADIAL GLEARANCE MEASLUREMENTS ARE TAKEN. FOLLOWING LUBRIGAT 2N, AUM-INELRNISHING
AND CLEAMING OF NRY | LIRF BEAR MRS, $PECIALIZED BEARING INSPECTION EQUPMENT AT SEAR IS USED TO VERIFTY
QUALITY AND STICTION LEYELS THROUWGH 5TRIP GHART RECORDING OF TORGUE TRACES. BEARINGS ARE THEN
RETURMED TO THE 3UPFLIER FOR FINAL RADIAL CLEARANCE MEASUREMEMNTS, SOVERNMENT SQURGE INEPECTION I
INVOKED ON ALL BEARING PROCUREMENTS.

GEAR IMEPECTION, BEFORE GEAR LUBRICATION AND RUN-IN & CCMPOSITE ERROR SEAR CHECKER |5 USED T VERIFY
THAT INVOLLTE FCRM, PITCH GIRCLE CONCENTRIC|ITY AND PITCM DIAMETER ARE TO DRAWING REQUIRFMEMTS. THIS
IMZPECTION ALSO INCLUOES TEXTURE EVALTATICH, AFTER LUBRICATION, GFART ARE WISUALLY INSTECTED To ©CHFIRMY
ARFROPRIATE LUORICANT APPLICATION AND GEARE ARE THEN RUN-N, CLEANED AND WEUALY INSBECTED.

SHAFTS ARE DIMENSIONAL INSPECTED ™0 DRAWING RLOUIREMENTS THROUGHOUT THE MANUFACTURING 51ACES
MOLLOWING HEAT THEATMENT THE SHAFTS ARE BURJECTER TO MAGMNETIC PARTICLE INSPECTION FOkR CRACKS.
INTEGRATION OF UNIT 70 MOTOR MOOLIF - INSBECTHOMN S ING LUDE GROUNGING CHEZKE, CONNECTOR FOR BFMT FING.
WISLAL, CLEANL'MESS, INTERCONNEGT WIRING ETC.

MOTOR MODULEE ARE TESTED TQ “HE RECQUIREMENTS OF SPAR-TM. 1624 WHICH INCLUDES, COMTINUI™Y AND IS0LATION
CHECES, STICTION COMMUTATOR | IMING, AMBIENT AMD THERMAL TESTIMG {SPARIGOVERNMUNT REF - MANDATARY
INGPECTHIG P | ).

INTEGRATION DF MOTOR MODULE TO END EFFECTOR LRLU - INSPECTIGNS INSLUNE SRIUMDING CHEGKS, SUMMLL QRS
FOR EENT QF PUSHBACK CONTACGTS, INVERCONNECT WIRING ETC.

FRE ACCEPTANCGE TEST INSPZOTICN, WHILH INCLUDES AN ALDIT OF LOYWER | 1EH INGPFOTION SOMPLETION, AS BLILT
CONFIGURATION VERIFICATILMN TO AS D=SIENETC, {MAMDATORY INSPECTHM POINT,. i

A TEST READINESS HEVIFW [TRE}WHICH INCLUDES VERIFICATION OF TEST PFERGOMNKNEL, TES] DOCUMENTS, TS5
EQUIFMENT CALIBRATICN WAL IMATION STATUS AND HARDWARL CONFICGURATIAN |15 CONYEMED BT QUALITY A3 5LRANCE
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OMRSD Dline:

OMRSD Oniline

Installatiom:

DM RSD Online

Turnaround:

Sereen Faflurs:

Crew Tratning:

Crew Action:

Dparational Effect:

IN CONJUNCTION WITH ENGINEZRING, RELIABILITY, CONFISURATION CONTROL, SURPLIER AS APR||CADLEAND THE
GOWFRNMENT REPRESENTATIVE, PRICR TO THE START OF ANY FORMAL TRETING (ACCGEFTANGE Ot @UALIM IGATION].
ACCEPTANCE TESTING (ATR} INCLUDES, AMBIENT, VIBRATION AND THERMAL-VAC TESTING {SPAR/GOVERNMENT REF -
MANDATORY INSPECTION FOINT)

SRME EYETEME INTEGRATION, THE INTESRATION OF MECHANICAL ARM SUBASEEVELIES AND THE PLIGHT CAEIN
EQUIPKMENT T FORM THE SRMS. INSPECTIONS ARE PERFORMEL AT EACH PHASE OF INTEGRATION YWHICH INCELDES
GROUMOING CHECKS, THRU WIRING CHECKS, WIRING ROUTING, INTERFACE COMNECTORS FOR HENT OR PLISH BAGK
COMNTAGTS ETC.

SRME EYETOMS TEATING - 3TRONGBACH AMD FLAT FLOOR AMBIENT PERFORMANCE TEST |SPAHIEUYERNMENT REP. -
MaMIATORY INSPFECTIGH FOINT), .

FERFORM MANLIAL CAPTURE/RELEASE FUNGTION, VERIFY CORRECT FLAG TIMING QOFFM T G [EF
MOMNE

PERFORM MANUAL CAFTURE/RELEASE MUNCTION. VERIFY CORRECT FLAG TIMING OPER TO CLOSE.

A
B:
c:

FOR UNDOCKED OPERATIONS: THE CREW WILL BE TRAINED TO MANEUVER THE OREITER AWAY FROM A FREE FLYING
FPAYLOAL AT ANY TIME CURING ARM CPERATIONS.

FOR UNDOCKED OPERATIONS: MANEUVER ARM AND OABITER AWAY FROM BAYLIAD,

FAYLOADWILL BE RELEASED WITH NO OPERATOR COMMANDLIF THIS DECURS WHILE THE ARM 15 BEING CRIVEN, THE
PAYLOAD WIL. TAKE AN UNEXFECTED TRAJECTORY DURNG CAPTURE SEQUENCE ARM REMAING LIMP LINTIL EE MODL
SWITCH SET TD OFF

Mixxion COFERATE UNDER YERNIER RATES WITHIN 1D FT OF STRUCTURE. THE QFPERATOR MUET BZ ASLE TU UETECT THAT THE
Cunstraints: ARMPAYLOAD |15 RESPONDING PROFPERLY TO COMMANDS YLA WINDOW ANDVOR, CCTY VIEWE DURING ALL ARM
OAERATIONS. EE MOBE 8WATCH SET TS OFF POSITION IMMEDIATELY AFTER SPED DRIVE TIME-HAS ELAFSLO. WWHEN
GAPTURING A FREE FLYING PAYLOAD, THE EE MUST BE FAR ENDUGH AWAY FROM STRUCTURE T0 PROHIEIT CONTACT
REGARDLESE OF PAYLOAD ROTATIONS.
Approwals:
Funcﬁana_l Group Marme Pnsition Telephone ' Cate Signed  Status
E gl Jufgersen, Gienn | MO ROBOTICS  SPAR QEC (PA1YIEE-HDY 27Eepdl Slgred
Raliability Fadiul Rodrey / MB ROBOTICS Fraduct AesuEnce Manager SRME AR IFSepnl &igred
Piugram Managemant 3l Rice. Crug ¢ MO ROBOTICS Tecrmcal Pregram banage: 4R 2rSaphd Sigred
Tethinical Manage Allizan, Fat r ) S0-MyE FME Project Zngineer J5C [DE1) 4B472  2FSepl) Signed
Subeyetsm Manager Keupp, Henry ¢ JSC-ER ranager [221) 4B30072 2TSepli) Signed
(IRt o, SEMA Woksez, Chard ! J2C-NE Enginest / Lol Avionics Engit (2470499584 TTSep0 Signes
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